3GPP TSG RAN WG3 Meeting #93 
R3-161785
Gothenburg, Sweden, 22th – 26th Aug 2016

Title:                     The peak bitrate requirement for different split options
Source: 
ZTE
Agenda item:
10.5.1
Document for:
Discussion and Approval
1．Introduction
Based on the discussion in RAN3#91bis plus the email discussion [#02: TR 38.801 TR update- NR], possible function split options between central and distributed unit have been captured in TR38.801[1]. And Based on the discussion in RAN3#91bis plus the email discussion [#04: TR 38.801 TP on TNL possible issue- NR][2], transport network requirements for one possible PHY/RF based RAN architecture split option has been taken as an example to calculate the peak bitrate requirement on a transmission link. In this paper, the required bitrate for all the function split options are analyzed and calculated together with the further analysis on options of intra-PHY between central unit and distributed unit.

2． Discussion
2.1 CU-DU function split options

According to TR 38.801[1], the function split options between central unit and distributed unit are shown as below.
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Figure 2.1: Function Split between central and distributed unit
We can see that there are seven kinds of fronthaul options which are split from RF to PDCP, and each radio protocol layer means at least an option. It's worth noting that intra-PHY split option is defined as splitting between High-PHY and Low-PHY, however the PHY protocol layer actually contains many functions which are different on downlink and uplink. Based on the internal functions of PHY, three kinds of fronthaul options (as Option 6A, Option 6B and Option 6C) can be sorted for downlink and uplink separately, as in Figure 2.2. Especially for uplink, different uplink COMP schemes require different options, for example, soft-bit combined scheme can be applied on options 6A, 6B and 6C, but joint detection scheme based on channel equalization can be applied only on options 6C. 
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Figure 2.2: Split options of Intra-PHY

For Option 6A, Option 6B and Option 6C, the proposed definition are given as follow (DL for example).
· Option 6A: the fronthauling is split from the bit-level processing function module. DU includes the RF, resource mapping & IFFT, layer mapping & precoding and modulation function modules. The bit symbol is delivered from CU to DU.
· Option 6B: the fronthauling is split from the modulation function module. DU includes the RF, resource mapping & IFFT and layer mapping & precoding function modules. The modulation symbol is delivered from CU to DU.
· Option 6C: the fronthauling is split from the layer mapping & precoding function module. CU has all the baseband function modules except the resource mapping & IFFT function module. The frequency-domain IQ signal is delivered from CU to DU.

Proposal 1: The split option 6 of High-PHY and low-PHY can be further divided into Option 6A, Option 6B and Option 6C.

Furthermore, according to figure 2.1, split option4 intrs-MAC is defined as splitting between High-MAC and Low-MAC, however, it’s not clear what’s exact meaning of the High-MAC and Low-MAC in LTE system (centralized MAC and distributed MAC or common MAC and dedicated MAC or control MAC and data processing MAC?), and the understanding could be different for different companies.  In order to take a common understanding on the definition and functions of High-MAC and Low-MAC, it would be better to send a LS to RAN2 to clarify this. 
Proposal 2: The definition and functions of High-MAC and Low-MAC need to be clarified in RAN2.

2.2 Required bitrates for different function split options
According to TR38.913[3], the NR shall support up to 1GHz system bandwidth, and up to 256 antennas. In this section, the required bitrates for the interface between central and distributed unit for all the options including the function split options of intra-PHY(option 6A, 6B, 6C), and for the DL and UL separately are calculated in section 2.2.1 and section 2.2.2. The detail parameters and calculation formulas are given in the annex.
2.2.1 The DL required bitrates for the split options
The DL required bitrates for Option 1~ Option 6B are listed in the table 2.1,  for Option 7, the result has already been captured in TR38.801, as shown in tale 2.3, the same regulation is also applicable to Option 6C, which is shown in table 2.2.

	Function Split Options between central and distributed unit
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	1
	0.38 Gbps
	0.76 Gbps
	7.6 Gbps
	38 Gbps

	2
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	3
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	4
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	5
	0.4 Gbps
	0.8 Gbps
	8 Gbps
	40Gbps

	6A
	0.55Gbps
	1.1Gbps
	11 Gbps
	54Gbps

	6B
	2.2Gbps
	4.3 Gbps
	43 Gbps
	215Gbps


Table 2.1: the DL required bitrate for the interface between central and distributed unit for DL Option 1~ option 6B
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	0.55 Gbps
	1.1 Gbps
	11 Gbps
	54Gbps

	8
	2.2 Gbps
	4.3 Gbps
	43 Gbps
	215Gbps

	64
	17.2 Gbps
	34.4 Gbps
	344 Gbps
	1720 Gbps

	256
	69Gbps
	138 Gbps
	1376 Gbps
	6881 Gbps


Table 2.2: the DL required bitrates on a transmission link for Option 6C
According to the table in TR38.801[2], the DL required bitrates on a transmission link is summarized in table 2.3.
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	1Gbps
	2Gbps
	20Gbps
	100Gbps

	8
	4Gbps
	8Gbps
	80Gbps
	400Gbps

	64
	32Gbps
	64Gbps
	640Gbps
	3200Gbps

	256
	128Gbps
	256Gbps
	2560Gbps
	12800Gbps


Table 2.3: the DL required bitrates on a transmission link for Option 7

Note: In the case of high frequency, if the analog or hybrid beamforming is used in DU, the peak DL required bitrate for Option 7 will decrease.
2.2.2 The UL required bitrates for the split options
The UL required bitrates for Option 1~ Option 6B are listed in the table 2.4,  for Option 7, the result has already been captured in TR38.801, as shown in tale 2.6, the same regulation is also applicable to Option 6C, which is shown in table  2.5.
	Function Split Options between central and distributed unit
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	1
	0.19 Gbps
	0.37 Gbps
	3.7 Gbps
	18.5 Gbps

	2
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	3
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	4
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	5
	0.2 Gbps
	0.39 Gbps
	3.9 Gbps
	19.6 Gbps

	6A
	1.84 Gbps
	3.6 Gbps
	36 Gbps
	184 Gbps

	6B
	0.92 Gbps
	1.84 Gbps
	18.4 Gbps
	92.2 Gbps


Table2.4: the UL required bitrate on a transmission link for Option 1~ Option 6B

	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	0.55 Gbps
	1.1 Gbps
	11 Gbps
	54Gbps

	8
	2.2 Gbps
	4.3 Gbps
	43 Gbps
	215Gbps

	64
	17.2 Gbps
	34.4 Gbps
	344 Gbps
	1720 Gbps

	256
	69Gbps
	138 Gbps
	1376 Gbps
	6881 Gbps


Table 2.5: the UL required bitrates on a transmission link for Option 6C

According to the table in [2], the DL required bitrate on a transmission link summarized in table 2.6.
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	1Gbps
	2Gbps
	20Gbps
	100Gbps

	8
	4Gbps
	8Gbps
	80Gbps
	400Gbps

	64
	32Gbps
	64Gbps
	640Gbps
	3200Gbps

	256
	128Gbps
	256Gbps
	2560Gbps
	12800Gbps


Table 2.6: the UL required bitrates on a transmission link for Option 7
Note: In the case of high frequency, if analog or hybrid beamforming is used in DU, the peak UL required bitrate for Option 7 will decrease.
As can be seen from the above tables, the UL required bitrates are smaller than the DL required bitrates for some options because of the different  max stream number adopted by the UL and DL(usually 4 streams for the UL and  8 streams for the DL, e.g., option1~option6B, except 6A). The UL required bitrates can be larger than the DL required bitrates due to the reason that the 8-bit soft bit information for the UL is considered in Option 6A.

To sum up, the UL required bitrates are same with the DL required bitrate for option 6C and option 7, however, due to different parameters used in different split options, the UL required bitrates and the DL required bitrates are different for Options 1~6B as shown in table 2.1 and 2.4, therefore the required bitrates for UL and DL need to be taken into account separately.
Observation 1： The UL required bitrates and DL required bitrates for different split options can be different, which needs to be considered separately.

Proposal 3: RAN3 is kindly asked to evaluate the required bitrates for all options captured in 38.801 and together with sub-options of intra-PHY.

Proposal 4: RAN3 is kindly asked to capture the following proposed TP into the TR 38.801.
3． Conclusion
RAN3 is kindly to approve the following observation and proposals:
Proposal 1: The split option 6 of High-PHY and low-PHY can be further divided into Option 6A, Option 6B and Option 6C.
Proposal 2: The definition and functions of High-MAC and Low-MAC need to be clarified in RAN2.
Observation 1： The UL required bitrates and DL required bitrates for different split options can be different, which needs to be considered separately.

Proposal 3: RAN3 is kindly asked to evaluate the required bitrates for all options captured in 38.801 and together with sub-options of intra-PHY.

Proposal 4: RAN3 is kindly asked to capture the following proposed TP into the TR 38.801.
4． Text proposal
---------------------------< Start of text proposal for TR38.801 >---------------------------
6.1.2
Functional split between central and distributed unit
6.1.2.1
General description of split options
In the study item for a new radio access technology, 3GPP is expected to study different functional splits between central and distributed units. LTE protocol stack is taken as a basis for further discussion, with the understanding that the conclusions may need to be revisited, once RAN2 defines the protocol stack for new RAT. The following functional splits between central and distributed unit are possible, as illustrated in Figure 6.1.2.1-1.

[image: image3.emf]PDCP

Low-

RLC

High-

MAC

Low-

MAC

High-

PHY

Low-PHY

PDCP

Low-

RLC

High-

MAC

Low-

MAC

High-

PHY

Low-PHY

Option 5 Option 4 Option 6 Option 7

Option 2

Option 1

RRC

RRC

RF

RF

Option 8

Data

Data

High-

RLC

High-

RLC

Option 3


Figure 6.1.2.1-1: Function Split between central and distributed unit

Option 1 (1A-like split)
-
The function split in this option is similar as 1A architecture in DC. RRC is in the central unit. PDCP, RLC, MAC, physical layer and RF are in the distributed unit.
Option 2 (3C-like split)
-
The function split in this option is similar as 3C architecture in DC. RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.
Option 3 (intra RLC split)
-
Low RLC (partial function of RLC), MAC, physical layer and RF are in distributed unit. PDCP and high RLC (the other partial function of RLC) are in the central unit.
Option 4 (RLC-MAC split)
-
MAC, physical layer and RF are in distributed unit. PDCP and RLC are in the central unit.
Option 5 (intra MAC split)
-
RF, physical layer and some part the MAC layer (e.g. HARQ) are in the distributed unit. Upper layer is in the central unit.
Option 6 (MAC-PHY split)
-
Physical layer and RF are in the distributed unit. Upper layers are in the central unit.
Option 7 (intra PHY split)
-
Part of physical layer function and RF are in the distributed unit. Upper layers are in the central unit.
Option 8 (PHY-RF split)
-
RF functionality is in the distributed unit and upper layer are in the central unit.
Based on the internal functions of PHY, three kinds of fronthaul options (as Option 6A, Option 6B and Option 6C) can be sorted for downlink and uplink separately, as shown in Figure 6.3.x.2-1.
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Figure 6.3.x.2-1: Function Split Intra PHY

For Option 6A, Option 6B and Option 6C, the proposed definition are given as follow (DL for example).
Option 6A: Split from the bit-level processing function module. DU includes the RF, resource mapping & IFFT, layer mapping & precoding and modulation function modules. The bit symbol is delivered from CU to DU.
Option 6B: Split from the modulation function module. DU includes the RF, resource mapping & IFFT and layer mapping & precoding function modules. The modulation symbol is delivered from CU to DU.
Option 6C: Split from the layer mapping & precoding function module. CU has all the baseband function modules except the resource mapping & IFFT function module. The frequency-domain IQ signal is delivered from CU to DU.

Editor’s note: The options represented consist of a non-exhaustive list. The work in other working groups on protocols and functions definition shall be monitored and further split options based on such progress shall be added or removed if needed.

Flexible functional split
Some of the benefits of a NR architecture with the flexibility to split and move functions between central and distributed units are below:

-
Flexible HW implementations allows scalable cost effective solutions

-
A split architecture (between central and distributed units) allows for coordination for performance features, load management, real-time performance optimization, and enables NFV/SDN

-
Configurable functional splits enables adaptation to various use cases, such as variable latency on transport

The NR design should support the flexibility to move RAN functions between the central unit and distributed unit, and should be studied.     
6.1.2.2
Architectural and specification aspects
Editor’s note: This chapter should at least handle the following questions: (1) How many splits will be specified and supported by open interfaces? (2) Will the tight LTE/NR interworking case effect the number of functional split options? (3) What is the granularity of the Centralized Unit – Distributed Unit functional split? (4) What is the reconfiguration dynamicity of the network functional split?.

6.1.2.3
Transport network aspects
6.1.2.3.1
General
This section summarizes transport network requirements of different functional splits.
NOTE 1:
It is understood that RAN3 has no intention to specify any transport network.
6.1.2.3.2
Transport network requirements for an example RAN architecture
According to TR 38.913 [5], the NR shall support up to 1GHz system bandwidth, and up to 256 antennas. A calculation relative to one of several possible transport deployments applied to a possible RAN architecture example shows that transmission between base band part and radio frequency part requires a bitrate over the transport network of about 614.4Mbps per 10MHz mobile system bandwidth per antenna port.

When the system bandwidth is increasing as well as the number of antenna ports, the required bitrate is linearly increasing. An example with rounded numbers is shown in the following table.

Table 6.1.2.3.2-1 Examples of required bitrate on a transmission link for one possible PHY/RF based RAN architecture split
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	1Gbps
	2Gbps
	20Gbps
	100Gbps

	8
	4Gbps
	8Gbps
	80Gbps
	400Gbps

	64
	32Gbps
	64Gbps
	640Gbps
	3200Gbps

	256
	128Gbps
	256Gbps
	2560Gbps
	12800Gbps


NOTE 1:
Peak bitrate requirement on a transmission link = Number of BS antenna elements * Sampling frequency (proportional to System bandwidth) * bit width (per sample) + overhead.
6.1.2.3.3 The DL required bitrates for the split options
The DL required bitrates for Option 1~ Option 6B are listed in the Table 6.1.2.3.3-1, the DL required bitrates for Option 6C is shown in the Table 6.1.2.3.3-2.

	Function Split Options between central and distributed unit
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	1
	0.38 Gbps
	0.76 Gbps
	7.6 Gbps
	38 Gbps

	2
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	3
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	4
	0.36 Gbps
	0.72 Gbps
	7.2 Gbps
	36Gbps

	5
	0.4 Gbps
	0.8 Gbps
	8 Gbps
	40Gbps

	6A
	0.55Gbps
	1.1Gbps
	11 Gbps
	54Gbps

	6B
	2.2Gbps
	4.3 Gbps
	43 Gbps
	215Gbps


Table 6.1.2.3.3-1: the DL required bitrate for the interface between central and distributed unit for DL Option 1~ option 6B

	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	0.55 Gbps
	1.1 Gbps
	11 Gbps
	54Gbps

	8
	2.2 Gbps
	4.3 Gbps
	43 Gbps
	215Gbps

	64
	17.2 Gbps
	34.4 Gbps
	344 Gbps
	1720 Gbps

	256
	69Gbps
	138 Gbps
	1376 Gbps
	6881 Gbps


Table 6.1.2.3.3-2: the DL required bitrates on a transmission link for Option 6C
6.1.2.3.4 The UL required bitrates for the split options
The UL required bitrates for Option 1~ Option 6B are listed in the Table 6.1.2.3.4-1, the UL required bitrates for Option 6C is shown in the Table 6.1.2.3.4-2.

	Function Split Options between central and distributed unit
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	1
	0.19 Gbps
	0.37 Gbps
	3.7 Gbps
	18.5 Gbps

	2
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	3
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	4
	0.18 Gbps
	0.35Gbps
	3.5 Gbps
	17.6Gbps

	5
	0.2 Gbps
	0.39 Gbps
	3.9 Gbps
	19.6 Gbps

	6A
	1.84 Gbps
	3.6 Gbps
	36 Gbps
	184 Gbps

	6B
	0.92 Gbps
	1.84 Gbps
	18.4 Gbps
	92.2 Gbps


Table 6.1.2.3.4-1: the UL required bitrates on a transmission link for Option 1~ Option 6B

	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	0.55 Gbps
	1.1 Gbps
	11 Gbps
	54Gbps

	8
	2.2 Gbps
	4.3 Gbps
	43 Gbps
	215Gbps

	64
	17.2 Gbps
	34.4 Gbps
	344 Gbps
	1720 Gbps

	256
	69Gbps
	138 Gbps
	1376 Gbps
	6881 Gbps


Table 6.1.2.3.4-2: the UL required bitrates on a transmission link for Option 6C

-------------------------< End of text proposal for TR38.801 >--------------------------
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Annex
The parameters and calculation formulas of peak capability requirement of interface for different fronthaul options are given in the following text:
For the DL:
· For Option 1: the required bitrate for Option2 multiply a coefficient, and the coefficient of 1.05is considered reasonable.
· For Option 2:the required bitrate for Option5 multiply a coefficient, and the coefficient of 0.9 is considered reasonable.

· For Option 3:same to Option 2 (assume not to consider the overhead).

· For Option 4:same to Option 2 (assume not to consider the overhead).

· For Option 5: stream number, transport block size corresponding to the max RB number [NOTE1];(The required bitrate of interface for Option 5= Stream number[NOTE2]* Transport block size corresponding to the max RB number /1ms).

· For Option 6A: system bandwidth, subcarrier number, number of OFDM symbols per subframe, stream number, modulation order[NOTE3]; (The required bitrate of interface for Option 6A = Subcarrier number * Number of OFDM symbols per subframe * Stream number * Modulation order/1ms).

· For Option 6B: system bandwidth, subcarrier number, number of OFDM symbols per subframe, bit width[NOTE4], stream number; (The required bitrate of interface for Option 6B = Subcarrier number * Bit width * Number of OFDM symbols per subframe * Stream number* 2/1ms).

· For Option 6C: system bandwidth, subcarrier number, number of BS Antenna Ports, bit width, Number of OFDM symbols per subframe; (The required bitrate of interface for Option 6C = Subcarrier number * Number of BS Antenna Ports * Bit width * Number of OFDM symbols per subframe* 2/1ms).

· For Option 7: system bandwidth, Number of BS Antenna Ports, bit width, number of OFDM symbols per subframe [NOTE5],FFT size; (The required bitrate of interface for Option 7 = Number of BS Antenna Ports * Bit width * Number of OFDM symbols per subframe * FFT size* 2 [NOTE6]/1ms).
For the UL:
· For Option 1: the required bitrate for Option2 multiply a coefficient, and the coefficient of 1.05is considered reasonable.

· For Option 2: The required bitrate of interface for Option5 multiply a coefficient, and the coefficient of 0.9 is considered reasonable；
· For Option 3:same to Option 2 (assume not to consider the overhead).
· For Option 4:same to Option 2 (assume not to consider the overhead).
· For Option 5: stream number, transport block size corresponding to the max RB number; (The required bitrate of interface for Option 5 = Stream number * Transport block size corresponding to the max RB number /1ms).
· For Option 6A: system bandwidth, number of OFDM symbols per subframe, OFDM number of DMRS, stream number, modulation order,soft bit information[NOTE7]; (The required bitrate of interface for Option 6A = Subcarrier number * (Number of OFDM symbols per subframe – OFDM number of DMRS) * Stream number * Modulation order * Soft bit number /1ms).
· For Option 6B: system bandwidth, number of OFDM symbols per subframe, OFDM number of DMRS [NOTE8], bit width, stream number; (The required bitrate of interface for Option 6B = Subcarrier number * Bit width * (Number of OFDM symbols per subframe – OFDM number of DMRS) * Stream number* 2/1ms).
· For Option 6C: system bandwidth, number of BS Antenna Ports, bit width, number of OFDM symbols per subframe; (The required bitrate of interface for Option 6C = Subcarrier number * Number of BS Antenna Ports * Bit width * Number of OFDM symbols per subframe* 2/1ms).
· For Option 7: system bandwidth, number of BS Antenna Ports, bit width, number of OFDM symbols per subframe, FFT size; (The required bitrate of interface for Option 7= Number of BS Antenna Ports * Bit width * Number of OFDM symbols per subframe * FFT size* 2/1ms).
NOTE1: The transport block size corresponding to the max RB number(110) is 97896.
NOTE2: During the calculation, it is supposed to be 8 streams for the downlink and 4 streams for the uplink for all related Options;

NOTE3: Modulation order of 8(i.e. 256QAM) is considered for both of downlink and uplink;

NOTE4: During the calculation, the value of bit width is 16;
NOTE5: For OFDM system of 20MHz system bandwidth, the number of OFDM symbols per subframe is 14(if considering CP, the number of OFDM symbols per subframe is 15), FFT size is 2048, Sampling frequency(i.e. Number of OFDM symbols per subframe*FFT size)is proportional to the system bandwidth.

NOTE6: The number 2 here means I branch signal and Q branch signal;
NOTE7: During the calculation, 8 bit of the soft bit information is considered;
NOTE8: The OFDM symbol number of DMRS in a subframe is 2;
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